on 10% SDS-PAGE followed by Western blotting.
219
In vitro protease K protection assay. HEK293T cells were transfected with various
220
NS2A expression constructs, as described in the preceding section. At 20 h p.t., cell lysates were prepared according to a previous protocol (29) with some modifications. Briefly, the transfected 222 cells were washed twice with PBS, detached in cold PBS, and centrifuged at 1000 × g for 5 min.
223
Cells were resuspended in a hypotonic lysis buffer (10 mM Tris-HCl, pH 7.5, and 2 mM MgCl 2 ).
224
After incubation on ice for 10 min, the cells were disrupted with 15 strokes of a homogenizer 225 (Sigma). The lysates were clarified by centrifugation at 1,000 × g for 5 min to pellet nuclei, showed that the differences in relative fluorescence intensity between pattern I and pattern II 417 constructs are statistically significant (two-way ANOVA test, p value <0.0001). Notably, among 418 virus (2.2 × 10 6 PFU/ml); sequencing of the resulting virus showed that the R84E mutation had 562 been changed to R84K. Similarly, after five rounds of passaging, the R84A virus was able to 563 generate higher viral titer (1.7 × 10 5 PFU/ml); however, the plaque morphology of the resulting 564 virus remained small (Fig. 8D) ; sequencing of the resulting virus revealed that the R84A 565 mutation had been changed to R84T. For both revertant viruses, no other mutation was found 566 throughout the genomic RNAs. 
577
We initially used multiple bioinformatics algorithms to predict the topology of NS2A that 578 could be experimentally tested. Various algorithms predicted different topology models with 579 only one common TMS from amino acids 30 to 57 (Fig. 1A) . To avoid discounting any potential 580 TMS, we consolidated all eight predicted TMSs into a test model (Fig. 1B) . When each predicted
581
TMS was individually fused to GFP, six out of the eight predicted pTMS (pTMS2, 3, 4, 6, 7, and 582 8) could anchor GFP to the ER membrane, whereas the other two predicted pTMS (pTMS1 and 5) could not (Fig. 1C) . The IFA-based cellular localization results (Fig. 1C) are in general 584 agreement with the membrane floatation data (Fig. 1D) , with the exception that the correlation of 585 the results between the two methods is weak for pTMS8 (equivalent to fragment 186-209). The 586 membrane-associating activity of pTMS8 was strengthened by the in situ fluorescence protease 587 protection result (Fig. 2B) , which clearly showed that pTMS8 transvers from ER lumen to 588 cytosol. In the in situ fluorescence protease protection assay, the membrane-associating activity 589 of pTMS8 could be enhanced through its interaction with upstream NS2A sequence; no such 590 interaction could occur in the cellular localization and membrane flotation assays when only 591 individual NS2A fragment was examined in the absence of upstream NS2A sequence.
592
It should be noted that pTMSs that showed ER membrane-interacting activity do not were extracted and digested with protease K in the presence or absence of 0.5% Trion X-100.
848
The samples were analyzed by Western blotting as described in (B). indicate the standard deviations derived from three independent experiments (n=3).
